Europaisches 
Patentamt 



European 
Patent Office 



Office europeen 
des brevets 



Bescheinigung Certificate 



Attestation 



Die angehefteten Unterla- 
gen stimmen mit der 
ursprunglich eingereichten 
Fassung der auf dem nach- 
sten Blatt bezeichneten 
europaischen Patentanmel- 
dung uberein. 



The attached documents 
are exact copies of the 
European patent application 
described on the following 
page, as originally filed. 



Les documents fixes a 
cette attestation sont 
conformes a la version 
initialement deposee de 
la demande de brevet 
europeen specifiee a la 
page suivante. 



Patentanmeldung Nr. Patent application No. Demande de brevet n° 

03251902.7 



Der President des Europaischen Patentamts; 
Im Auftrag 

For the President of the European Patent Office 

Le President de I'Office europeen des brevets 
p.o. 




C. v.d. Aa-Jansen 



EPA/EPO/OEB Form 1014.1 - 02.2000 7001014 



THIS PAGE BLAMK (uspto) 




Europaisches 
Patentamt 



European 
Patent Office 



Office europeen 
des brevets 



Anmeldung Nr: 
Appl 1cat1on no. : 
Demande no: 



03251902.7 



Anmeldetag: 
Date of filing: 
Date de depot: 



26.03.03 



Anmel der/Appl 1cant( s)/Demandeur( s) : 

Infineum International Limited 
P.O. Box 1, 
Milton Hill 
Abingdon, 

Oxfordshire 0X13 6BB 
GRANDE BRETAGNE 



Bezelchnung der Erf 1 ndung/T1 tl e of the 1 nventl on/T1 tre de lMnventlon: 
(Falls die Bezelchnung der Erflndung nlcht angegeben 1st, slehe Beschrel bung. 
If no title 1s shown please refer to the description. 
Si aucun tltre n'est 1nd1qu6 se referer a la description.) 

Method for lubricating diamond- like carbon coated surfaces 

In Anspruch genommene Pr1or1at(en) / Pr1 or1 ty( 1 es) claimed /Pr1or1t£(s) 
revend1quee( s) 

Staat/Tag/Aktenze1chen/State/Date/F1le no. /Pay s/Date/Nume>o de de>6t: 



Internationale Patentkl ass1 f 1 katlon/Internatlonal Patent Classification/ 
Classification Internationale des brevets: 



Am Anmeldetag benannte Vertragstaaten/Contractl ng states designated at date of 
f 1 1 1 ng/Etats contractants designees lors du depot: 



AT BE BG CH CY CZ DE DK EE ES FI FR GB GR HU IE IT LU MC NL 
PT R0 SE SI SK TR LI 



C10M/ 



03251902.7 
EPA/EP0/0EB Form 1014.2 - 01.2000 



7001014 



2 



THIS PAGE BLANK (uspto) 



17:13 FAX 44 1235 549833 



INFINEUM LAW DEFT 



-+ GBPO 



a 014 



2003M001 

-1- 

METHOD FOR LUBRICATING DIAMOND-LIKE 
CARBON COATED SURFACES 

This invention relates to lubricating oil compositions (also known as 
5 lubricants) particularly useful for lubricating surfaces coated with diamond-like 
carbon (PLC) films or coatings. 

Amorphous diamond-like carbon (DLC) films are so-named because their 
properties resemble, but do not duplicate; those of diamond. Some of these properties 
axe high hardness (about 3 to about 22 GPa), low friction coefficient (approximately 
0.1) and transparency across the majority of the electromagnetic spectrum. At least 
some of the carbon atoms in DLC are bonded in chemical structures similar to that of 
diamond, but without long range crystal order. Although the term DLC was initially 
intended to define a pure carbon material, the term DLC now includes amorphous, 
hatti carbon materials containing up to 50 atomic percent of hydrogen. Other names 
for these hydrogen-containing DLC materials are "amorphous hydrogenated carbon", 
hydrogenated diamond-like carbon, or diamond-like hydrocarbon. The structure of 
these hydrogen-containing hard carbon materials may be best described as a random 
covalent network of graphitic-type structures interconnected by sp 3 linkages, although 
the definitive structure of the films has yet to be universally accepted. In addition to 
the use of carbon and hydrogen, DLC may be doped with other dements or 
combination of elements. The addition of such elements, e.g. silicon and germanium, 
can provide or enhance useful material properties such as wear resistance, adhesion, 
hardness, stress, and oxidation resistance. The term "DLC" is used in the discussion 
of the present invention to refer to both the amorphous non-hydro genated hard carbon 
materials, amorphous hydrogenated hard carbon materials and doped modifications of 
these two materials. 

Many methods for directly depositing DLC films are known in the prior art, 
including (i) direct ion beam deposition, dual ion beam deposition, glow discharge, 
radio frequency (RF) plasms, direct current (DC) plasma or microwave plasma 
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deposition from a carbon-containing gas or vapor which can also be mixed with 

hydrogen and/or inert gas and/or other gases containing doping elements, (ii) electron j 

beam evaporation, ion-assisted evaporation, magnetron sputtering, ion beam j 

sputtering, or ion-assisted sputter deposition from a solid carbon or doped carbon t \ 

5 target material, or (iii) combinations of (i) and Ci)- j 

Such DLC coatings have been disclosed for use in coating the components of 1 

! f 

internal combustion engines as disclosed, for example, in U.S- Patent 5,771,873 ; 

t 

issued June 30, 1998 and assigned to Ford Global Technologies, The pnesent j 

10 . invention is based on the discovery that surfaces, such as engine components, coated ] 

\ 

with DLC films can be effectively lubricated. I 

j 

In accordance with the present invention there has been discovered a method j 
of lubricating a surface coated with a diamond-lite carbon film or coating which j 
15 comprises supplying to said surface a lubricating oil composition comprising an oil of \ 
lubricating viscosity, preferably in a major amount, and an effective friction reducing \ 
amount of an oil soluble organo-rnolybdenum compound. It has been found that the I 
organo-molybdcnum additive will substantially reduce friction on the DLC surfaces to i 
an extent not observed on steel surfaces. I 
20 . * 

Typically an organo-rnolybdenum additive is used so as to provide 25 to 1000 j 
ppm (parts per million, by weight), preferably 200 to 750 ppm, of elemental j 
molybdenum in (he lubricating oil compositions (as determined by ASTM D5 185). 3 

■ 

25 Another aspect of this invention is an internal combustion engine having one j 

or more component parts coated with a diamond-like carbon film or coating 
containing a lubricating oil composition comprising an oil of lubricating viscosity, 
preferably in a major amount, and an effective friction reducing amount of an oil ' 
soluble organo molybdenum compound. The lubricating oil compositions are 

30 contained in a reservoir in the engine, such as a crankcasa sump in four-stroke \ 
engines, from where it is distributed around the engine for lubrication. The invention 

i 
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is applicable to two-stroke and four-stroke spark-ignited and compression-ignited 
engines. 

A further aspect of the invention relates to the use of a lubricating oil 
5 composition comprising an oil of lubricating viscosity and an effective friction 
reducing amount of an oil soluble organo-molybdenum compound to lubricate a 
surface coated with a diamond-like carbon film or coating. 

The invention also provides the use of an oil soluble organo-molybdenum 
10 compound in a lubricating oil composition to reduce the friction between surfaces, at 
least one of which, preferably each surface, is coated with a diamond-like carbon film 
or coating. 

The method of this invention is especially applicable to the lubrication of 
15 spark-ignited or compression-ignited two-stroke or four-stroke internal combustion 
engines which have parts or components with DLC films or coatings. Examples of 
such components include the cam shaft, especially the cam lobes; pistons, especially 
the piston skirt; cylinder liners; and valves. 

20 As an example of such oil soluble organo-molybdenum compounds, there may be 

mentioned the dithiocarbamates, dithiophosphates, dithiophosphinaies, xanthates, 
ihioxanthates, sulfides, and the like, and mixtures thereof. 

Additionally, the molybdenum compound may be an acidic molybdenum 
25 compound. These compounds will react with a basic nitrogen compound as measured 
by ASTM test D-664 or D-2896 titration procedure and are typically hexavalent 
Included are molybdic acid, ammonium molybdate, sodium molybdate, potassium 
molybdate, and other alkaline metal molybdates and other molybdenum salts, e.g., 
hydrogen sodium molybdate, MoOCU, Mo0 2 Br 2 , Mo^Cl^ molybdenum trioxide or 
30 RimilaT acidic molybdenum compounds. 
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Among the molybdenum compounds useful in the compositions of this 

invention are organo-motybdenom compounds of the formula | 

Mo(ROCS 2 )4 and I 

Mb(RSCS z )4 | 

5 wherein R is an organo group selected from the group consisting of alkyl, aryl, aralkyl j 

and alkoxyalkyl, generally of from 1 to 30 carbon atoms, and preferably 2 to 12 carbon I 
atoms and most preferably alkyl of 2 to 12 carbon atoms. Especially preferred are the 
dialkyldithiocarbamate3 of molybdenum. 

j 

10 A further class of organo-molybdenum compounds is represented by the i. 

formula: j 

■ I 

where Ri to R4 independently denote a straight chain, branched chain or aromatic 
hydrocaibyl group having 1 to 24 carbon atoms; and Xi to X4 independently denote an 
15 oxygen atom or a sulfur atom. The four hydrocatbyl groups, R x to R4, may be , 
identical or different from one another. j 

Another group of organcKmolybdennm compounds useful in the lubricating 
compositions of this invention are trinuclear molybdenum compounds, especially those t 

20 of the formula Mo 3 SkLnQ* and mixtures thereof wherein the L are independently 

selected ligands having organo groups with a sufficient number of carbon atoms to # 
render the compound soluble or dispersible in the oil, n is from 1 to 4, k varies from 4 I 
through 7 f Q is selected from the group of neutral electron donating compounds such as I 
water, amines , alcohols, phosphines, and ethers, and z ranges from 0 to 5 and includes 

25 non-stoichiometric values. In the instance n is 3, 2 or 1, appropriately charged ionic ! 
species is required to confer electrical neutrality to the trinuclear molybdenum 
compound. The ionic species may be of any valence, for example, monovalent or 
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divalent Further the ionic species may be negatively charged, ie. an anionic species, or 
may be positively charged, ie. a cationic species or a combination of an anion and a 
cation. Such teems ate known to a skilled person in die ait Hie ionic species may be 
present in the compound through covalent bonding, i.e. coordinated to one or mate 
5 molybdenum atoms in the core, or through electrostatic bonding or interaction as in the 
case of a counter-ion or through a form of bonding intermediate between covalent and 
electrostatic bonding. Examples of anionic species include disulfide, hydroxide, an 
aDcoxide, an amide and a thiocyanate or derivate thereof; preferably the anionic species 
is disulfide ion. Examples of cationic species include an ammonium ion and a metal 
10 ion, such as an alkali metal, alkaline earth metal or transition metal, ion, preferably an 
ammonium ion, such as [NRJ* where R is independently H or alky] group, more- 
preferably R is H, i.e. [NHj]* At least 21 total carbon atoms should be present among 

all the Uganda* organo groups, such as at least 25, at least 30, or at least 35 carbon 

atoms. 



15 



20 



The Uganda are independently selected from the group of 
X R 1, 



4, 
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Xi^^O Ri 

X2 ^N)— — R 2 



5, 



and mixtures thereof, wherein X, X x , Xz, and Y ate independently selected from the 
group of oxygen and sulfur, and wherein Ri, Rz, and R are independently selected from 
5 hydrogen and organo groups that may be the same or different. Preferably, the organo 
groups are hydrocarbyl groups such as alkyl (e.g., in which the carbon atom attached to 
the remainder of the ligand is primary or secondary), aiyl, substituted aryl and ether 
groups. More preferably, each ligand has the same hydrocarbyl group. 

10 The term "hydrocarbyl" denotes a substituent having carbon atoms directly 

attached to the remainder of the ligand and is predominantly hydrocarbyl in character 
within the context of this invention, Such substituents include the following: 

1. Hydrocarbon substituents, that is, aliphatic (for example alkyl or 
15 alkenyl), alicyclic (for example cyclo alkyl or cycloaltenyl) substituents, aromatic-, 
aliphatic- and ahcyclic-substituted aromatic nuclei and the like, as well as cyclic 
substituents wherein the ring is completed through another portion of the ligand (that is, 
any two indicated substituents may together form an aEcyclic group). 

20 2. Substituted hydrocarbon substituents, that is, those containing non- 

hydrocarbon groups which, in the context of this invention, do not alter the 
predominantly hydrocarbyl character of the substituent Those skilled in the art will be 
aware of suitable groups (e.g., halo, especially chloro and fluoro, amino, alkoxyl, 
mercapto, alkyhnercapto, nitro, nitroso, sulfoxy, etc.). 

25 
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3. Heteax) substitucnts, that is, substituents which, while predominantly 
hydrocarbon in character within the context of this invention, contain atoms other than 
carbon present in a chain or ring otherwise composed of carbon atoms. 

5 Importantly, the organo groups of the ligands have a sufficient number of caibon 

atoms to lender the compound soluble or dispersible in the oil. For example, the 
number of caibon atoms in each group will generally range between about 1 to about 
100, preferably from about 1 to about 30, and more preferably between about 4 to about 
20. Preferred ligande include dialkyldithiophosphatc, a&ybcanthate, and 
10 dialkylditHocarbamate, and of these dialkyldithiocarbamate is more preferred Organic 
ligands containing two or more of the. above functionalities are also capable of serving 
as Hgands and binding to one or more of the cores. Those skilled in the art will realize 
that formation of the compounds of the present invention requires selection of h gauds 
having the appropriate charge to balance the core's charge. 

15 

Compounds having the formula MoaSiUQa have catiorric cores surrounded by 
anionic ligands and are represented by structures such as 




and 



20 
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and have net charges of +4. Consequently, in order to solubilize these cores the total 
charge among all the Uganda must be -4. Four monoanionic Uganda ate preferred. 
Without wishing to be bound by any theory, it is believed that two or more trinuclear 
cores may be bound or interconnected by means of one or more ligands and the ligands 
may be multidentate. Such structures fell within the scope of this invention. This 
includes the case of a multidentate ligand having multiple connections to a single core. 
It is believed that oxygen and/or selenium may be su&stitoted for sulfur in thecore(s). 

Oil-soluble or dispersible trinuclear molybdenum compounds can be prepared by 
reacting in the appropriate uquidCsysolventfs) a molybdenum source such as 
(NH^MoaSu-nCHaO), where n varies between 0 and 2 and includes non-staicruometric 
values, with a suitable ligand source such as a tetrallrylthiuram disulfide. Other oil- 
soluble or dispersible trinuclear molybdenum compounds can be formed during a 
reaction in the appropriate solvents) of a molybdenum source such as of 
15 (NH 4 ) a Mo 3 S 1 3n(H20), a ligand source such as tetralkyltmoram disulfide, 
dtalkyMfciccarbamate, or dialkyldithiophosphate, and a sulfur abstracting agent such 
cyanide ions, sulfite ions, ox substituted phosphines. Alternatively, a trinuclear 
molybdenunvsnlfur halide salt such as PVTJzOlc^As], where M' is a counter ion, and 
A is a halogen such as CI, Br, or I, may be reacted with a ligand source such as a 
20 dialkyldithiocarbamote or diaU^ditmophosphate in the appropriate hquid(s)/ S olvent(s) 
to form an oil-soluble or dispersible trinuclear molybdenum compound. The appropriate 
Uquid/solventmaybe, for example, aqueous or organic. 

A compound's oil solubility or dispersibility may be influenced by the number 
25 of carbon atoms in the ligand's organo groups, hi the compounds of the present 
invention, at least 21 total carbon atoms should be present among all the ligand's 
organo groups. Preferably, the ligand source chosen has a sufficient number of carbon 
atoms in its organo groups to render the compound soluble or dispersible in the 
lubricating composition. 

30 
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The molybdenum compound is preferably m organo-molybdenum compound. 
Moreover, the molybdenum compound is preferably selected from the group 
consisting of a molybdenum dithiocatbamate (MoDTC), molybdenum 
diphosphate, molybdenum dithiophospbinate, molybdarum xantbate, 
molybdenum tmoxanihate and matures thereof. Most preferably, the molybdenum 
compound is present as molybdenum dithiocarbamare. The 7 molybdenum compound 
is preferably a trinuclear molybdenum compound, such as a trmuclear molybdenum 
dithiocarbamate. 

Natural oils useful as tbe oil of lubricating viscosity (also known as 
basestocks) in this inyention include animal oils and vegetable oils (e.g. castor, lard 
oil) liquid petroleum oils and bydrorefined, solvent-treated or acid-treated mineral 
Mwicating oils of the paraffinic, naphthenic and mked pararBiic-naphlhenjc types. 
Oils of lubricating viscosity derived from coal or shale are also useful base oils. 



Alkylene oxide polymers and iaterpolymerc and derivatives thereof where the 
terminal hydroxyl groups have been modified by esterification, ^aerification, etc. are 
a class of known synthetic lubricating oils useful as basestocks in this invention. 
These are exemplified by polyoxyalkylene polymers prepared by polymerization of 

20 ethylene oxide or propylene oxide, the alkyl and aryl emere of these polyoxyalkylene 
polymers (e.g. methyl-poly isopropylene glycol ether having an average molecular 
weight of 1000, diphenyl ether of polyethylene glycol having a molecular Wright of 
500-1000, diethyl ether of polypropylene glycol having a molecular weight of 1000- 
1500); and mono- and polycarboxylic esters thereof, for example, the acetic acid 

25 esters, mixed C 3 -C 8 fatty acid esters and C J3 Oxo acid diester of tetraethylene glycol. 

Another suitable class of synthetic lubricating oils useful in this invention 
comprises the esters of dicarboxyHc acids (e.g. phthalic acid, succinic acid, alkyl 
succinic acids and alkerryl succinic acids, maldc add, azelaic add, suberic acid, 
30 sebaaic acid, fumaric acid, adipic acid, linoleic acid dimer, malonic acid, alkylmalonic 
adds, alkenyl malodc acids) with a variety of alcohols (i butyl alcohol, hexyl alcohol, 
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dodecyi alcohol, 2-ethylhexyl alcohol, ethylene glycol, diethylene glycol monoether, 
propylene glycol). Specific examples of these esters include dibutyl adipate, di(2- 
ethylhexyl) scbacate, di-n-hexyl fumarate. dioctjd sebacate, diiaooctyl azelate. 
diisodecyl azelate. dioctyl phthalate, didecyi phthalate, dieicosyl sebacate, the 2- 
ethylhexyl diester of linoleic acid dimer, and the complex ester formed by reacting 
one mole of sebacic acid with two moles of tetraethylene glycol and two moles of 2- 
ethylhexanoic acid. 

Esters useful as synthetic oils also include those made from C s to C u 
monocarboxylic acids and pblyols and polyol ethers such as neopentyl glycol, 
trimethylolpropane, pentaerythritol, mpeiitaeryihritpl and tripentaervihritol. 



15 



Silicon-based oils such as the polyalkyl-, pclyaryl-, polyalkoxy-, or 
polyaryloxysiloxane oils and silicate oiis comprise another useful class of synthetic 
lubricants; they include teteaethyl silicate, tetraisopropyl silicate, tetra-(2^thy]hexyl) 
sihcate, tetra-(4-methyl--2-ethy]hexyl) silicate, tetm^tcrtbutylphenyl) silicate, hexa- 
(4-memyl-2-pentoxy) disiloxane, poly(methyl) siloxanea and poly(methyIphenyl> 
siloxanes. Other synthetic lubricating oils include liquid esters of phosphorus- 
containing acids (e.g. tricresyl phosphate, trioctyl phosphate, diethyl ester of 
20 decylphosphomc acid) and polymeric tetrahydrofurans. 

Unrefined, refined and rerefined oils can be used in the lubricants of the 
present invention. Unrefined oils are those obtained directly from a natural or 
synthetic source without farther purification treatment. For example, a shale oil 

25 obtained directly from retorting operations, a petroleum oil obtained directly from 
distillation or ester oil obtained directly from an esterification process and used 
without further treatment would be an unrefined oil. Refined oils are similar to the 
unrefined oils except they have been further treated in one or more purification steps 
to improved one or more properties. Many such purification techniques, such as 

30 distillation, solvent extraction, acid or base extraction, filtration and percolation are 
Known to those skilled in the art. Rerefined oils are obtained by processes similar to 
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those used to obtain refined oils applied to refined oils which have been already used 
in service. Such rerefined oils arc also known as reclaimed or reprocessed ails and 
often are additionally processed by techniques for removal of spent additives and oil 
breakdown products. 

5 

Molybdenum-containing lubricating oil compositions for use in the present 
invention may also contain any of the conventional additives listed below (including 
any additional Motion modifiers) which arc typically used in a minor amount, e.g. 
such an amount so as to provide their normal attendant functions. Typical amounts 
10 for individual components are also set forth below. All the values listed are stated as 
mass percent active ingredient in the total lubricating oil composition. 



1 additive 


MASS96 


MASS% 




(Broad) 


(Preferred) 


Ashless Dispersant 


0.1-20 


1-8 


Metal Detergents 


0.1 - 15 


0.2-9 


Corrosion Inhibitors 


0-5 


0-1.5 


Metal Dihydrocatbyl Dithiophosphate 


0.1-6 


0.1 r 4 


Anti-oxidant 


0-5 


0.01-3 


Pour Point Depressant 


0.01 -S 


0.01 - 1.5 


Anti-foaming Agent 


0-5 


0.001-0.15 


Supplemental Anti-wear Agents 


0-5 


0-2 


| Additional Friction Modifier 


0-5 


0-1.5 


| Viscosity Modifier 


0-6 


0.01-4 



The individual additives may be incorporated into a basestock in any 
15 convenient way. Thus, each of the components can be added directly to the basestock 
by dispersing or dissolving it in the basestock: at the desired level of concentration. 
Such blending may occur at ambient temperature or at an elevated temperature. 
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Preferably, all the additives except for the viscosity modifier and the pour 
point depressant arc blended into a concentrate or additive package described herein 
as the additive package, that is subsequently blended into basestock to make finished 
lubricant Use of such concentrates is conventional. The concentrate will typically be 
formulated to contain the additive( S ) in proper amounts to provide the desired 
concentration in the final formulation when the concentrate is combined with a 
predetermined amount of base lubricant. 

The concentrate is conveniently made in accordance with the method 
described in U.S. 4,938,880. That patent describes making a pre-rnix of ashless 
dispersant and metal detergents that is pre-blended at a temperature of at least about 
20CPC. Thereafter, the pre mix is cooled to at least 85°C and the additional 
components are added. 

The final crankcase lubricating oil formulation may employ from 2 to 20 mass 
% and preferably 4 to IS mass % of the concentrate of additive package with the 
remainder being base stock. 

Ashless dispersants maintain in suspension oil insolubles resulting from 
20 oxidation of the oil during wear or combustion. They are particularly advantageous 
for preventing the precipitation of sludge and the formation of varnish, particularly in 
gasoline engines. 



15 



25 



30 



Ashless dispersants comprise an oil soluble polymeric hydrocarbon backbone 
bearing one or more functional groups that are capable of associating with particles to 
be dispersed. Typically, the polymer backbone is functional^ by amine, alcohol, 
amide, or ester polar moieties, often via a bridging group. The ashless dispersant may 
be, for example, selected from oil soluble sate, esters, amino-esters, amides, imides, 
and oxazolines of long chain hydrocarbon substituted mono and dicarboxylic acids or 
their anhydrides; thiocarboxylato derivatives of long chain hydrocarbons; long chain 
aliphatic hydrocarbons having a polyamine attached directly thereto; and Mannich 
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condoisanon products formed by condensing a long chain substituted phenol with 
formaldehyde and polyalkylene polyamine. 

The oil soluble polymeric hydrocarbon backbone of these dispexsimtB is 
5 typically derived from an olefin polymer or polyene, especially polymers comprising a 
major molar amount (ie. greater than 50 mole ft) of a Cj. to C,g olefin (e.g. -ethylene, 
propylene, butylene, isobutylene, pentene, octene-1, styrene), and typically a C 2 to Cs 
olefin. The oil soluble polymeric hydrocarbon backbone may be a homopolymer (,e.g . 
polypropylene or polyisobutylene) or a copolymer of two or more of such olefins 
10 copolymers of ethylene and an alpha-olefin such as propylene or butylene, or 
copolymers of two different alpha-olefins). Other copolymers include those in which 
a minor molar amount of the.copolymer monomers, for example, 1 to 10 mole ft, is 
an ccoHiiene, such as a C 3 to C22 non-conjugated diolefin (for example, a copolymer 
of isobutylene and butadiene, or a copolymer of ethylene, propylene and 1,4- 
15 hexadiene or 5-ethyhdenc-2-norbomcne). Preferred are polyisobutenyl (Mh 400- 
2500, preferably 950-2200) succinimide dispersam*. 

The viscosity modifier (VM) functions to impart high and low temperature 
operability to a lubricating oil composition. The VM used may have that sole 
20 function, or may be multifunctional. 

Multifunctional viscosity modifiers that also function as dispersants are also 
known. Suitable viscosity modifiers are polyisobutylene, copolymers of ethylene and 
propylene and higher alpha-olefins, polymcthacrylates, polyattyhnethacrylatcs, 
25 methacrylate copolymers, copolymers of an unsaturated dicarboxylic acid and a vinyl 
compound, inter polymers of styrene and acrylic ester, and partially hydrogenated 
copolymers of styrenefisopiene, stytene/butadiene, andisopren^utadiene, as well as 
the partially hydrogenated homopolymers of butadiene and isoprene and 
isoprene/divinylbenzene. ..^ • 

30 
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Metal-cmitahiing or ash-forming detergents may be present and these function 
both as detergents to reduce or remove deposits and as acid neutralizes or rust 
inhibitors, thereby reducing wear and corrosion and extending engine life. Detergents 
generally comprise a polar head with long hydrophobic tail, with the polar head 
comprising a metal salt of an acid organic compound. The salts may contain a 
substantially stoichiometric amount of the metal in which they are usually described 
as normal or neutral salts, and would typically have a total base number (TBN), as 
may be measured by ASTM D-2896 of from 0 to 80. ft is possible to include large 
amounts of a metal base by reacting an excess of a metal compound such as an oxide 
or hydroxide with an acid gas such as carbon dioxide. The resulting overbased 
detergent comprises neutralized detergent as me outer layer of a metal base {e.g. 
carbonate) micelle. Such overbased detergents may have a TBN of 150 or greater, and 
typically from 250 to 450 or more. Detergents that may be used include oil-soluble 
neutral and overbased sulfonates, phenates, suHurized phenates, thiophosphonates, 
15 salicylates, and naphthenates and other oil-soluble carboxylates of a metal,' 
particularly the alkali, e.g. sodium, potassium, lithium and magnesium. Preferred are 
neutral or overbased calcium and magnesium phenates and sulfonates, especially 
calcium. 



10 



20 



25 



Other friction modifiers include oil soluble amines, amides, imidazolines, 
amine oxides, aimdoamines, nitrites, alkanolamides, alkoxylated amines and ether 
amines; polyol esters; esters of polycarboxylic acids and the like. 

Dihydmcarbyl diphosphate metal salts are frequently used as anti-wear and 
antioxidant agents. The metal may be an alkali or alkaline earth metal, or aluminum, 
lead, tin, molybdenum, manganese, nickel or copper. They may be prepared in 
accordance with known techniques by first forming a dihydrocarbyl dithiophosphoric 
acid (DDPA), usually by reaction of one or more alcohol or a phenol with and 
then neutralizing the formed DDPA with a zinc compound. For example, a 
30 dithiophosphoric acid may be made by reacting mixtures of primary and secondary 
alcohols. Alternatively, multiple dithiophosphoric acids can be prepared where the 
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hydrocarbyl groups on one are entirely secondary in character and the hydrocarbyl 
groups on the others are entirely primary in character. To make the zinc salt any basic 
or neutral zinc compound could be used but the oxides, hydroxides and carbonates are 
most generally employed. Commercial additives frequently contain an excess of zinc 
S due to use of an excess of the basic zinc compound in the neutralization reaction. 

ZDDP provides* excellent wear protection at a comparatively low cost and also 
functions as an antioxidant. However, there is some evidence that phosphorus in 
lubricant can shorten the effective life of automotive emission catalysts. Accordingly, 
10 the lubricating oil compositions of the invention preferably contain no mote than 0.8 
wt % 3 such as from 50 ppm to 0.06 wt %, of phosphorus. Independently of the 
amount of phosphorus, the lubricating oil composition preferably has no more than 
0.5 wt 95, preferably from 50 ppm to 03 wt %, of sulfur (test method for sulfur and 
phosphorus being ASTM D5185). 

15 

Oxidation inhibitors or antioxidants reduce the tendency of basestockB to 
deteriorate in service which deterioration can be evidenced by the products of 
oxidation such as sludge and varnish-like deposits on the metal surfaces and by 
viscosity growth. Such oxidation inhibitors include hindered phenols, alkaline earth 
20 metal salts of alkylphenoithioesters having preferably C5 to C I2 alkyl side chains, 
calcium nraiylphenol sulfide, ashlesB oils soluble phensffies and sulfarized phenates, 
phosphnsulfiirized or sulfurized hydrocarbons, phosphorous esters, metal 
fliiocffltbamates, oil soluble copper compound as described in US. 4,867,890, and 
molybdenum containing compounds. 

25 

Rust inhibitors selected from the group consisting of noniomc polyoxyalkylcne 
polyols and esters thereof, polyoxyalkylcne phenols, and anionic alkyl sulfonic acids 
may be used 

30 Copper and lead bearing corrosion inhibitors may be used, but are typically not 

required with the f onnulation of the present invention. Typically such compounds are 
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the thiadiazole polysulfides containing from 5 to 50 carbon atoms, their derivatives 
and polymers thereof. Derivatives of 1,3,4-thiadiazoles such as those described in 
U.S. Patent Nos. 2,719,125; 2,719,126; and 3,087,932; ate typical. Other similar 
material are described in U.S. Patent Nos. 3,821,236; 3,904,537; 4,097387; 
4,107,059; 4,136,043; 4,188,299; and 4,193,882. Other additives are the thio and 
polythio sulfenamides of thiadiazoles such as those described in U.K. Patent 
Specification No. 1,560,830. Benzotriazoles derivatives also fall within this class of 
additives. When these compounds ate included in the lubricating oil composition, 
they are preferably present in an amount not exceeding 0.2 wt% active ingredient. 



A small amount of a demulsifying component may be used. A preferred 
demulsifying component is described in EP 330,522. B is obtained by reacting an 
alkylene oxide wifli an adduct obtained by reacting a bis-epoxide with a polyhydric 
alcohol. The demulsifier should be used at a level not exceeding 0.1 mass % active 
15 ingredient. A treat rate of 0.001 to 0.05 mass % active ingredient is convenient. 

Pour point depressants, otherwise known as lnbe oil improvers, lower the 
mmimum temperature at which the fluid will flow or can be poured. Such additives 
are well known. Typical of those additives which improve the low temperature 
fluidity of the fluid am C 8 and C 18 dialkyl fmnarate/vinyl acetate copolymers, 
polyalkylmethacrylates and the like. 

Foam control can be provided by many compounds including an anufoamant 
of the polysiloxanc type, for example, silicone oil or polymmefliyl siloxane. 



The term "comprising" or "comprises" means the presence of stated features, 
integers, steps or components, but does not preclude the presence or addition of one or 
more other features, integers, steps, components or groups thereof. In the instance the 
term "comprising" or comprises" is used herein, the term "consisting essentially of 
30 and its cognate are within its scope and are a preferred embodiment of it, and 
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consequently the term "consisting of and its cognate are within the scope of 
"consisting essentially of and are a preferred embodiment of it 

The term "oil-soluble" or "on-dispersible" does not mean that the compounds 
5 are sohible, dissolvable, miscible or capable of being suspended in the oil in all 

proportions. They do mean, however, that the compounds ace, for instance, soluble or 
stable disperaible in the oil to an extent sufficient to exert their intended effect in the 
environment in which the composition is employed. Moreover, the additional 
incorporation of other additives such as those described above may affect the 
10 solubility or diapersibiliry of the compounds. 

The term "major amount" means in excess of 50 mass % of the composition. 
The term "minor amount" means less than SO mass % of the composition. 

15 

The invention is further illustrated by the following examples, which are not to 
be considered as limitative of its scope. All percentages are by weight active 
ingredient content of an additive without regard for carrier or diluent mL 

20 EX AMPLES 

The co-efficients of ftiction for the lubrication of steel on steel surfaces were 
measured and compared with the co-efficients of friction for DLC coated steel 
surfaces using the same lubricants. The DLC coating is sold as "Dyman-iCT the 
25 trademark for a hydrogen acted carbon coating supplied by Teer Coatings Ltd- Both 
types of surfaces were lubricated with: 

1. a base oil having a viscosity of 4 cSt. at 100°C-, 

2. a composition containing the base oil of (1) and 550 ppm of molybdenum as 
trinuclear molybdenum dirhiocarbamate; and 



5 
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3. a composition containing the base oil of (1) and 0.3 wt.% of glycerol mono- 
olcate (GMO), a conventional friction reducing agent used in engine cxankcase 
lubricants. 

The data were measured using a Cameron Hint reciprocating pin on plate 
tribometer, using the following test protocol: 



Test duration 


8 hours 


Load(N) 


185 


Stroke length (mm) 


10 


Frequency (Hz) 


1 


Temperature (°C) 


100 



X a*fe ; - Steel on Steel T,wt>ricafam - ro-^ etents of FHrtinn 

10 



Time (min) 


Baseoil 


Baseoil + 550 ppmMo 


Baseoil + 0.3%GMO 


0 


0.154 


0.130 


0.134 


30 


0.123 


0.089 


0.119 


60 


0.130 


0.091 


0.118 


90 


0.137 


0.092 


0.118 


120 


0.146 


0.095 


0119 


150 


0.161 


0.098 


0.120 


180 


0.149 


0.099 


i 0.122 


210 


0.157 


0.099 


0.123 1 


240 


0.159 


0.101 1 


0.124 


270 


0.156 


0.101 


0.125 


300 


0.164 


0.099 


0.126 


330 


0.164 


0.101 


0.127 


360 


0.172 


0.101 


0.128 


390 


0.166 


0.101 


0.128 


420 


0.164 


0.099 


0.129 


450 


0.172 


0.100 


0.130 


480 


0.175 


0.102 


0.131 
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T>ble 2 * DLrC on PLC Lubrication - Co-efficients of Friction 



Time (min) 


Baseoil 


Baseoil + 550 ppra Mo 


Baseoil + 0.39&OMO 


0 


0.111 


0.113 


0.111 


30 


0.118 


0.080 


0.115 


60 


0.119 


0.076 


0.109 


90 


0.120 


0.073 


0.108 


120 


0.120 


0.071 


0.109 


150 


0.120 


0.069 


0.109 


180 


0.119 


0.068 


0.109 


210 


0.119 


0.068 


0.109 


240 


0.119 


0.067 


0.109 


270 


0.120 


0.066 


0.109 


300 


0.120 


0.066 


0.110 


330 


0.120 


0.066 


0.111 


360 


0.121 


0.067 . 


0.112 


390 


0.120 


0.067 


0.113 


420 


0.121 


0.067 


0.114 


450 


0.121 


0.066 


0.114 


480 


0.121 


0.067 


0.112 



Table 2 indicates that the molybdenum^ontaining lubricating oil composition 
5 provides a substantially increased reduction in friction when used on DLC surfaces 
versus a conventional friction reducing agent, glycerol inono-oleate, compared to 
lubrication of steel on steel surfaces. 
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CLAIMS 



1. A method of lubricating a surface coated with a diamond-like carbon 
film or coating which comprises supplying to said surface a lubricating oil 
composition comprising an oil of lubricating viscosity and an effective friction 
reducing amount of an oil soluble organo-molybdenum compound 

2. The composition of claim 1 wherein the oil of lubricating viscosity is a 
mineral oil. 

3. The method of either claim 1 or claim 2 wherein the organo- 
molybdenum compound is present in the lubricating oil composition in an amount of 
25 - 1000 ppm of elemental molybdenum, based on the mass of the lubricating oil 
composition. 

4. The method of any of claims 1 to 3 wherein the molybdenum 
compound is a molybdenum dithiocarbamate. 

5. The method of any of claims 1 to 4 wherein the molybdenum 
compound is a trinuclear molybdenum compound. 

6. The method of any of claims 1 to 4 wherein the lubricating oil 
composition further comprises one or more additional additives selected from the 
group consisting of ashless dispersants, metal detergents, corrosion inhibitors, metal 
dihydrocacbyl diphosphates, antioxidants, pour point depressants, anti-foaining 
agents, additional friction modifiers, anti wear agents and viscosity modifiers. 

7. An internal combustion engine having one or more component parts 
coated with a diamond-like carbon film or coating containing a lubricating oil 
composition comprising an oil of lubricating viscosity and an effective friction 
reducing amount of an oil soluble organo-molybdenum compound 
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8. The engine of claim 7 which is a spark-ignited or compression-ignited 
two-stroke or four-stroke internal combustion engine. 

9. The engine of either claim 7 or claim 8 wherein the organo- 
molybdenum compound is present in the lubricating oil composition in an amount of 
25 - 1000 ppm of elemental molybdenum, based on the mass of the lubricating oil 
composition 

10. The engine of any of claims 7 to 9 wherein the oigano-molybdenum 
compound is a molybdenum dithiocarbamatc. 

11. The engine of any of claims 7 to 10 wherein the organo-molybdenum 
compound is a trinuclear molybdenum compound, 

12. The engine of any of claims 7 to 9 wherein the lubricating oil 
composition further comprises on or more additional additives selected from the 
group consisting of ashless dispersants, metal detergents, corrosion inhibitors, metal 
dihydxocarbyl dithiophosphates, antioxidants, pour point depressants, anti-foaming 
agents, additional friction modifiers, antiwear agents and viscosity modifiers. 

13. The use of a lubricating oil composition comprising an oil of 
lubricating viscosity and an effective friction reducing amount of an oil soluble 
organo-molybdenum compound to lubricate a surface coated with a diamond-like 

carbon film or coating. 

14. The use of an oil soluble organo-molybdenum compound in a 
lubricating oil composition to reduce the friction between surfaces, at least one of 
which is coated with a diamond-like carbon film or coating. 
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METHOD FOR LTTBRT HATINCt DTAM OND-TTKTK 
CARBON COATED SURFACES 

5 

A method of lubricating a surface coaled with a diamond-like carbon film or 
coating which comprises supplying to said surface a lubricating odl composition 
comprising an oil of lubricating viscosity and an effective friction reducing amount of 
an oil soluble oxgano-molybdenum compound. 
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